The integration of knowledge from many disciplines and the vast amount of biological data in the post-genome era, together with new techniques from the mathematical and information sciences, are moving the world towards a new generation of life sciences where physiological and pathological information from the living human body can be quantitatively described in silico across multiple scales of time and size and through diverse hierarchies of organization. The Physiome and Systems Biology represent such emerging sciences, where the term Physiome is a coined word linking "physio," meaning physiology, and "ome," meaning as a whole. It means the integration of all human physiological function, similar to the way in which the genome, proteome, lipidome and metabolome projects aim to integrate our knowledge of all genes, proteins, lipids and metabolic pathways, respectively. The challenge is to understand and quantitatively integrate not only the structure and function of biological entities such as ion channel proteins and enzymes on a single spatio-temporal scale, but also functional relationships between entities across multiple scales. This integrative approach is in stark contrast to the linear approach of reductionist life science, and it will allow us to understand the mechanisms underlying biological functions that will emerge through the dynamics of each element and large aggregations of the elements.
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The 2nd MEI (Medical Engineering and Informatics) International Symposium, subtitled as "The Worldwide Challenge to Physiome and Systems Biology" was held at Icho-kaikan, Osaka University, Suita, Osaka, Japan from December 7-9, 2007. This conference had a strong focus on links between international consortiums involved in the physiome project and addressed issues for the physiome and systems biology such as how to integrate phenomena across multiple scales of time and size and through diverse hierarchies of organization -from molecules to cells and organs to individuals. The organizing committee had decided to especially highlight the following 6 topics, which included management and financial and political issues, as well as scientifically interesting ones.
• Worldwide movement of physiome and systems biology-related projects • Multiscale modeling of the heart • Metabolome • Modeling of molecular and cellular dynamics • Modeling the neuro-musculo-skeletal system • Flow dynamics in blood vessels and lung These topics, and of course the fascinating 23 invited talks and 26 posters, attracted more than 200 participants, which made the conference very exciting and fruitful.
Opening addresses
The opening remark, which was delivered by Yoshihisa Kurachi, chair of the Organizing Committee, the 2nd MEI International Symposium, and Director, the Center for Advanced Medical Engineering and Informatics, Osaka University, Japan, provided the contextual framework for the whole conference (Fig. 1) . He started by providing a recent overview on the international physiome and systems biology projects, concluding that this scientifi c area has a great potential despite the increasing competition in the biomedical engineering field, even with substantial quantitative growth in some areas, and
Keynote lecture
The keynote lecture was delivered by Denis Noble from Oxford University, UK (Fig. 2) . Professor Noble started the keynote lecture by emphasising the importance of the development of systems biology as the new vogue. Systems biology has the potential to complement reductionist molecular biology with integrative approaches and it is time to do it. However, he also pointed out that this welcome development is in danger of losing its way. Many of the early implementations of the approach are very low-level, in some cases hardly more than an extension of genomics and bioinformatics. In the keynote lecture, he outlined some general principles that could form the basis of systems biology as a truly multilevel approach appropriate to the international physiome project. With examples from cardiac and other aspects of physiology and biochemistry, he emphasized the need for insights obtained from higher-level analysis in order to succeed at the lower levels; i.e. higher levels in biological systems impose boundary conditions on the lower levels. At the end of presentation, he quoted Sydney Brenner; "the cell is the correct level of abstraction," and just added "I would go further and insist also on the value of abstraction at even higher levels than the cell, while recognizing the cell as a landmark level of biological organization."
Session on worldwide movement of physiome and systems biology-related projects
Yutaka Hishiyama (Fig. 3) , from the Ministry of Education, Culture, Sports, Science and Technology of Japan, spoke of the work ahead and fi nancial policies for future development of life sciences in Japan. He introduced several ongoing national projects in life sciences and described several instances of real government reinvention to change things for the better while promoting some future strategies in Japan. His presentation also addressed importance of Japan to continuously be a leading contributor to the international community by taking part in international joint research projects and in the international dissemination of advanced research information in the life science fi eld.
Ilias Iakovidis (Fig. 3) , deputy head of Information and Communication Technologies (ICT) for Health at the European Commission (EC), described the virtual physiological human initiative in the European Union. He stated that the EC Research and Development (R&D) Programs have been supporting ICT for Health (eHealth) for the last 18 years, resulting in over 450 projects worth more than € 1 billion. His presentation summarizes past and current R&D activities of EC current activities in 3 steps. He firstly introduced projects during the 90s which focused mainly on development of electronic health records and connectivity among all the points of care of a health delivery system at regional and national levels. The aim of this project was to enable fast access to vital information and sharing of information among health professionals to improve access, quality, and efficiency of care. He then moved to the activities of the last seven years that focused on an intelligent patient-centered environment supporting personalised healthcare. In that project, wearable and portable personal health systems were developed for providing information to patients on health promotion and disease prevention, for (home) health monitoring and for chronic disease management. He fi nally provided an introduction on a new initiative -the Virtual Physiological Human (VPH) in 2008. The VPH is intended to constitute a global "scaffold" of medical knowledge and a "toolbox" for researchers. Following up, Grace C.Y. Peng (Fig. 3) , from the National Institute of Biomedical Imaging and Bioengineering (NIBIB), the National Institutes Projects, Japan, spoke about the promotion of the physiome projects in Japan by the Science Council and CSTP. He described the 3rd science and technology basic plan of the Japanese government (fi scal year [FY] 2006 [FY] -2010 in which CSTP was confirmed to succeed "the 4 priority promotion areas" selected in the second plan (FY 2001 (FY -2005 , i.e., (i) life science, (ii) information technology, (iii) environmental science and (iv) nanotechnology and materials. He said that they were engaged in the nanobiotechnology coordination program of CSTP to promote the fusion areas of life science and nanotechnology in collaboration with relevant ministries and the Biomedical Engineering (BME) committee of the Science Council of Japan. He insisted that there is no doubt about the contribution of nanobiotechnology to the promotion of basic biology and medicine by referring to the Medical Engineering Technology Industrial Strategy Consortium (METIS). He expects that the physiome further promotes our synthetic understanding of mechanism and functions of hierarchical biological systems, contributing to the application of physiomic knowledge to practical use.
Marco Viceconti (Fig. 3) , from Istituti Ortopedici Rizzoli, Italy, began his presentation with an overview of EuroPhysiome and the Strategy for the EuroPhysiome (STEP) action. According to him, the VPH is intended to be a solution to common infrastructural needs for physiome projects. After two years of consensus process the STEP consortium recently released the VPH Research Road Map, which provide a long-term perspective to VPH research activities, while the EC launched a call for research proposals that will allocate up to € 76 million (¥ 12.5 billion) of research co-funding in the next few years. He also described that the STEP consortium also promoted the World Integrative Research Initiative, which aims to establish a consensual global road map for integrative research, shared by most large research projects worldwide.
Peter Hunter, from the Bioengineering Institute, University of Auckland, New Zealand, outlined the physiome project as the leader of the International Union of Physiological Sciences (IUPS) with the title of "A Model Sharing Infrastructure for Computational Physiology." He emphasized that the challenge for the physiome project is to link publicised genomics and medical imaging for an individual -to use complementary genomic and medical imaging data, together with computational modeling tailored to the anatomy, physiology and genetics of that individual. To support these goals the IUPS Physiome Project is developing extensible markup languages (XML, CellML & FieldML) for encoding models, together with model repositories and software tools for creating, visualizing and executing these models. His talk also described current progress in the development of these markup languages, the model repositories, graphical user interfaces and the open source computational software being developed under the IUPS Physiome Project for computational physiology.
Yung E. Earm, from Seoul National University, Korea, spoke about the current situation for Physiome/Systems Biology Projects in Korea. He felt that while Physiome/ Systems Biology Research in Korea is still small and immature in size and in funding, the Government is starting to be aware of the importance of integrative systemic approachs in the biological fi eld. He introduced some active research groups working on in silico projects in Korea, and stated that his group has already proposed to the Korean government to support long-term basis research projects. He ended his talk with a plan to apply physiome approaches to the research of traditional Oriental Medicine, especially in the area of Sasang Constitutional Medicine.
The last presentation of this session was delivered 
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The Journal of Physiological Sciences Vol. 58, No. 7, 2008 by Ryutaro Himeno, as the leader of Next-Generation Supercomputer R&D Center, RIKEN, Japan. He briefly reviewed the 30-year history of development of supercomputers, and explained Japan's next-generation supercomputer project with a plan to develop a 10 petaflops general purpose computer by 2010. In summary, this project includes two important items in software development: grid middleware and application software in nano science and life science. The development in grid middleware is planed because the supercomputer center which will operate the peta-scale supercomputer is planed to provide services not for a specifi c institute nor application area like the Earth Simulator but for general uses as a national infrastructure. Nano and life sciences are the major application areas the project is going to put emphases on as well as industrial applications.
Session on multiscale modeling of the heart Andrew D. McCulloch, from the Department of Bioengineering, University of California San Diego, USA, started this session with Systems Biology of Cardiac Regulatory Mechanisms. He introduced information, structural and functional integrative concepts in computational modeling of heart by raising some examples of experimental and computational models to investigate the relationships between the cellular and extracellular structure of cardiac muscle, arrhythmia mechanisms in genetic disease and the effects of external interventions such as pacing and pericardiectomy on ventricular-vascular coupling in vivo.
Takashi Ashihara, Shiga University of Medical Science, Japan, continued to explain the power of computational simulation for studying excitation-conduction of the heart. He reviewed recent studies regarding (1) the differences of excitation-conduction between monodomain and bidomain representations of myocardial tissue, (2) the fundamental membrane responses to electrical stimulation, (3) the mechanisms of fi brillation induction, and (4) the mechanisms of pharmacological and electrical defi brillation.
This session concluded with a visionary presentation of multi-physics simulation of the heart by Seiryo Sugiura from the University of Tokyo, Japan. His talk covered modeling of not only the electrical function but also the mechanics of the whole heart. His model is based on the fluid-structure interaction finite element method thus consisting of both solid and fluid elements representing the heart tissue and blood respectively, and the molecular model of cardiac excitation-contraction coupling is implemented in each tissue element. He also introduced his approaches to accomplish the multiscale simulation.
Session on metabolome
The 2nd day of the symposium was commenced by Makoto Suematsu, School of Medicine, Keio University, Japan who spoke about mining gaseous signal transuducers by metabolome analysis. He firstly gave brief descriptions on metabolome analyses and then presented academic achievements of his research group using the metabolome analyses. The results collected from his metabolome analyses not only shed light on significance of cystathionine b-synthase as a novel mammalian CO receptor to regulate organ functions, but suggest regulatory roles for transsulfuration pathway mediating a metabolic link between CO and H 2 S. He concluded top-down approaches by metabolome analyses are useful to specify or pin-point a critical step of the metabolic pathway among the thousands of chemical reactions occurring in cells and tissues.
Session on modeling of molecular and cellular dynamics
The first presentation was delivered by Junichi Higo from Open Laboratories for Advanced Bioscience and Biotechnology, Japan. The presentation stressed the importance of predicting protein structures from the free energy landscapes and addressed its diffi culties by computer simulations. He also introduced some topics of diseaserelated proteins such as Alzheimer's β amyloid peptide (Aβ) under different solution conditions, humanin that is a suppresser of cell death caused by Alzheimer's disease, fibril formation of Aβ, and molecular docking of lysozyme and a ligand.
Rod Smallwood, from University of Sheffield, UK, gave talks on modeling of cellular dynamics with referring to Epitheliome Project. The aim of that project is to develop a computational model of cell behaviour within the context of tissue architecture, differentiation, wound repair and malignancy. The model is inherently parallel and hierarchical, and can be linked to continuum and differential equation models at both higher and lower levels in the hierarchy. He talked about the continuing challenge to incorporate a more realistic physical model that can handle grossly non-symmetrical cells (e.g. fibroblasts) and predict the cell signaling resulting from mechanotransduction at cellular adhesions.
The presentation of Professor Smallwood was followed up by a lecture from Shingo Murakami from Osaka University, Japan on cardiac excitation and its neural regulation from a molecular level. He presented his recent fi nding on the role of regulator of G protein signaling (RGS) proteins in the control of G K activity that allowed the construction of models that reasonably reproduce the temporal behavior of ACh-activation of K G channels.
Taishin Nomura, from Osaka University, Japan, focused on the development of structured-based models which include L-type Ca 2+ channels (LCC) and spatially distributed cytoplasmic space, either dyadic space or non-dyadic space near LCCs, whose Ca 2+ concentration is responsible for Ca 2+ dependent inactivation (CDI).
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The Journal of Physiological Sciences Vol. 58, No. 7, 2008 He also presented his recent work to reproduce the experimental results in order to have insights into how the spatial dynamics, including the micro-structure of the subspace and the dyadic space, contribute to the microdomain calcium signaling. Tetsuya Yagi, from Osaka University Japan, livened this session by giving a quaint lecture on the design of a neuromorphic hardware system that emulates the fundamental architecture and functions of the primary visual cortex. Using this system, he succeeded in computing the neural images of simple cells in real-time for various orientations and spatial frequencies. This system can emulate the neural images of simple and complex cells responding to natural scenes, thereby being useful for the verifi cation of the visual functions of the primary visual cortex circuit.
Session on modeling the neuro-musculo-skeletal system
Pietro Morasso, from the University of Genova, Italy, provided an overview on the computational approaches which have been formulated in the last decades for understanding the organization of the neural control of movement, as well as its crucial characteristic of neural plasticity. The presentation briefl y touched upon the issue of animal reasoning, thus limiting our domain of interest to pre-symbolic/pre-linguistic aspects of motor control and motor learning, i.e. pre-rational intelligence. Furthermore, he discussed the issue of recovery of functions, after brain injuries resulting from external or internal insults, which indeed can be viewed as a motor re-learning process.
The second talk in this session was given by Marco Viceconti from the Istituti Ortopedici Rizzoli, Italy. He reported the state of the Living Human Project, including the systematic activity of data collection from two cadavers, with the aim of obtaining biomechanical data on the musculoskeletal system at all necessary dimensional scales. He also reported about musculoskeletal models at different levels such as body-level musculoskeletal models able of predicting the muscle and joint forces acting on selected bones, organ-level models able to predict the risk of bone fracture under given loading conditions, tissuelevel models that can refine the constitutive equation so as to include tissue morphology determinants; and celllevel models that can help account for bone remodeling and its metabolic, pharmacological and environmental determinants.
This session was closed by Gentaro Taga from the University of Tokyo, Japan who focused on nonlinear dynamics of human neuro-musculo-skeletal system from real-time control to development. Through this presentation, he addressed dynamical complexities of activities of human systems which emerge from the interaction of the brain, the body and the changing environment. At the end he highlighted recent research on the early development of perceptual-motor behavior to reveal a principle for constraining the organization of the neuro-musculo-skeletal system.
Session on fl ow dynamics in blood vessels and lung
The last session of this symposium was commenced by Denis J. Doorly from Imperial College London, UK. He presented recent research activities on computational modeling of nasal airways in relation to the anatomical form of the human nasal airways. He also described procedures to classify complex anatomy of the nasal cavity and the effect of variations in form on function.
Following up, Shigeo Wada from Osaka University, Japan, presented blood fl ow in a microcirculation, focusing on the dynamical behavior of a red blood cell (RBC). He modeled an RBC with a mechanical spring network and simulated its elastic behavior based on the energy minimum principle. Using that model, he simulated a shape change of an RBC from the spherical shape to the biconcave discoid shape, an elastic deformation of RBC passing through a capillary, tank treading and tumbling motion in a shear fl ow, aggregation and rouleaux formation, and axial migration of multiple RBCs in blood fl ow through a straight artery.
Kazunori Nozaki from Osaka University, Japan discussed fricative voice engineering and a treatment method in service-oriented architectures. He applied numerical techniques to analyze sound production from the view of fluid mechanics and aeroacoustics, and emphasized that the obtained numerical results are important in further amelioration of dental surgery. He stressed the importance of building a new framework in order for scientists and clinicians to access the results of simulations and share the data with some metadata. His talk concluded that e-Science infrastructure which his group proposed would be useful because of the divided architecture between applications and e-Science infrastructure.
Poster session
This symposium had a poster session which was open throughout the symposium, even during the banquet (Fig.  4) . The poster session provided opportunities for in-depth discussion of various issues and other topics of relevance to the physiome and systems biology, including computational modeling, empirical approaches and research concepts. All in all, 26 posters were presented mainly by young researchers.
The Osaka Accord on Worldwide Integrative Biomedical Research Cooperation
On December 8, 2007, the Osaka Accord on Worldwide Integrative Biomedical Research Cooperation was signed (Fig. 5) . The accord can be read as follows:
Biomedical research worldwide saw the emergence in P. HUNTER et al. Vol. 58, No. 7, 2008 the last few years of research approaches that named in different ways (Physiome, Virtual Physiological Human, In silico Medicine, Multiscale Modeling of Biomedical Systems, etc.) share some fundamental commonalities. In particular there is recognition that we need technologies and methods that make possible: -to collect, catalogue, organize, combine, and share with all researchers worldwide observations collected in different laboratories and hospitals, generated using different modalities, and stored in different formats, representing national international legal and ethical regulations; -to enable experts to analyze these observations collaboratively and to develop systemic hypotheses that involve the knowledge of multiple disciplines, formalizing them into predictive models based on deductive reasoning; -to interconnect these predictive models defi ned at different scales, with different methods and with different level of details so as to generate systemic representations of physiological and pathological processes. The drivers for these research needs are multiple and diverse. Currently, various funding agencies worldwide with complex actions capture these trends. Such important efforts have considerable potential to produce signifi cant opportunities for synergistic cooperation and collaboration across countries around the world, including: -The creation of conditions where observations, tools, technologies are organized to be accessible by every researcher in the world, regardless of geo-political considerations; -An optimization of the available resources ensuring at the same time that all relevant aspects are effectively covered. The international research community is well aware of these opportunities, and it has been repeatedly calling for better mechanisms to support a true worldwide approach to this emerging type of biomedical research. Against such a background, the undersigned experts attending at this symposium agree to explore all possible means and opportunities available to promote global cooperation the area of integrative biomedical research, in order to fulfi ll the needs described above on a global worldwide scale, through the collaborate pursuit of common goals.
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Agreement on academic exchange
The agreement on academic exchange between the Department of Physiology, Anatomy and Genetics, Oxford University, UK, and the Center for Advanced Medical Engineering and Informatics, Osaka University, Japan, was approved. Similarly, the agreement between the Laboratorio di Tecnologia Medica, Istituti Ortopedici Rizzoli, Italy, and the Center for Advanced Medical Engineering and Informatics, Osaka University, Japan, and the agreement between the Bioengineering Institute, University of Auckland, New Zealand, and the Center for Advanced Medical Engineering and Informatics, Osaka University, Japan, were also signed.
These agreements are for both parties to promote the following activities so as to enhance educational and academic research in the necessary fi elds: (1) Activities such as collaborative research, lectures, symposiums, etc., and the exchange of researchers pertaining thereto; (2) Exchange of information and materials in those fi elds, which are of interest to both parties; (3) Exchange of undergraduate and graduate students.
Concluding remarks
Addressing amorphous issues and research topics, the symposium provided an opportunity for participants to 
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This symposium was only a small step in shedding light on the true nature of physiome and systems biology. A lot remains to be done to bring the concept and its many variations into fruition. Outcomes from the symposium would be valuable in formulating action plans that will further test the viability of the concept and, ultimately, transform the concept into meaningful practice in the clinical setting, the research arena, and the decision making process.
The challenges faced by current researches will not be solved only through conventional techniques and ideas. New and concerted approaches are defi nitely required for the realization of the physiome and systems biology. Contributing to this end, researchers are needed to collaboratively initiate novel programs which are both creative and feasible. We hope this symposium was fruitful in that sense and its fruit will be spread widely throughout the world for the further development of the physiome and systems biology. 
